ABSTRACT Objective: The utility of different biomarkers for the prediction of left ventricular remodelling (LVR) following ST-elevation myocardial infarction (STEMI) has been evaluated in several studies. However, very few data exist on the prognostic value of combined biomarkers. The aim of this study was to comprehensively investigate the prognostic value for LVR of routinely available biomarkers measured after reperfused STEMI.
INTRODUCTION
Outcome of patients suffering an ST-elevation myocardial infarction (STEMI) has markedly improved over the past decades. 1 Nonetheless, survivors of the acute event are still at increased risk for further cardiovascular events. 2 Adverse left ventricular remodelling (LVR) is a dynamic process at tissue, cellular and molecular level, characterised by changes in ventricular geometry, stiffness and function,
KEY QUESTIONS
What is already known about this subject?
▸ The development of adverse left ventricular remodelling (LVR) is associated with heart failure and mortality in patients surviving acute ST-elevation myocardial infarction (STEMI). Determination of routine biomarkers during the acute phase after reperfusion therapy might be a simple method to estimate the risk of LVR for the individual patient. It is, however, unclear whether the combination of routine biomarkers improves risk stratification for LVR after STEMI.
What does this study add?
▸ This study demonstrates that peak concentrations of N-terminal pro-B-type natriuretic peptide, high-sensitivity cardiac troponin T, aspartate aminotransferase, alanine transaminase, high-sensitivity C reactive protein and lactate dehydrogenase have significant ability to distinguish patients who develop LVR from those who do not. Importantly, the combination of all biomarkers provided incremental prognostic information for LVR when compared with single-biomarker testing.
How might this impact on clinical practice?
▸ Combined measurement of routine biomarkers improves early risk assessment for the development of LVR in patients with STEMI treated with primary percutaneous coronary intervention. Randomised studies are necessary to evaluate whether a biomarker-guided treatment strategy targeting LVR might improve patients outcome.
which affects the infarcted and non-infarcted myocardium. 3 4 It is well established that the degree of LVR is a major determinate of adverse clinical events after infarction. [3] [4] [5] Therefore, early identification of patients at risk for LVR is regarded as an important step in post-STEMI risk stratification.
Biomarker measurement during the (sub-)acute phase after STEMI might be a simple and cost-effective tool to estimate the risk for LVR in clinical practice. To date, >50 biomarkers were described as potentially useful for the prediction of LVR. 6 However, most of them were tested in relatively small number of patients (<100 participants) and only very few of them are available in daily clinical routine. Moreover, the potential incremental prognostic value for the combination of these biomarkers is largely unknown. 7 Natriuretic peptides, cardiac troponins, inflammatory markers, transaminases and lactate dehydrogenase (LDH) are often determined in the subacute phase after STEMI and associated with ejection fraction and myocardial damage, [8] [9] [10] [11] [12] which are major determinates of LVR. Moreover, they have been suggested for prognosis assessment in patients with STEMI. 8 10 11 13 Cardiac MRI (CMRI) provides high spatial and temporal resolution as well as high blood-tissue contrast and is therefore considered as the most accurate imaging technique to longitudinally assess changes in myocardial morphology and function after STEMI.
14 Therefore, we aimed to investigate the prognostic value of routinely available biomarkers (N-terminal pro-B-type natriuretic peptide (NT-proBNP), high-sensitivity cardiac troponin T (hs-cTnT), aspartate aminotransferase (AST), alanine aminotransferase (ALT), LDH and high-sensitivity C reactive protein (hs-CRP)) measured during the (sub-)acute phase after STEMI, to predict CMRI-determined LVR. Moreover, we sought to evaluate a potential multimarker approach.
METHODS

Study population
One hundred and thirty-three consecutive patients presenting at our University Hospital with acute STEMI were enrolled in this prospective single-centre, observational study. Only patients presenting with first STEMI, as defined by the redefined ESC/ACC committee criteria, 15 and treated with primary percutaneous coronary intervention (PPCI) were recruited. Exclusion criteria included age <18 years, history of a previous myocardial infarction or angiographically proven coronary artery disease, Killip-class III or IV, severe renal failure (defined as an estimated glomerular filtration rate <30 mL/min/1.73 m 2 ) or contraindications for CMRI. Patient demographics and medications were prospectively obtained during hospitalisation for the index event and at 4 months follow-up using a standardised questionnaire. Furthermore, all patients underwent physical examination. The study was approved by the local ethic committee of Medical University of Innsbruck and written informed consent was obtained from each participant prior to inclusion in the study.
Cardiac MRI
Patients underwent CMRI on a 1.5 T scanner (Magnetom AVANTO-scanner, Siemens, Erlangen, Germany) within the first week and 4 months post-PPCI for STEMI. The CMRI protocol and postprocessing was published in detail previously.
14 Briefly, cine CMRI images in short axis (10-12 slices, covering the heart from the base to the apex) were obtained using breathhold, retrospective ECG-triggered trueFISP bright-blood sequences. Evaluation of cine images was performed using commercially available software (ARGUS, Siemens). Late enhancement CMRI images were obtained 10 min after a bolus injection of gadolinium (0.1 mmol/kg) by applying an ECG-triggered phasesensitive inversion recovery single-shot trueFISP sequence with consecutive short-axis slices. Infarct characteristics were evaluated as reported previously. 16 An increase in end-diastolic volume of 20% or more between baseline and follow-up CMRI investigation was defined as adverse remodelling. 16 Biomarker testing Venous blood samples were obtained on admission and subsequently once daily from day 1 to day 4 after PPCI. hs-cTnT was additionally measured 6 and 12 hours post-PCI. All samples were immediately analysed at the central laboratory of the University Hospital of Innsbruck by personnel blinded to study data. NT-proBNP concentrations were calculated using a commercially available assay with an E170 instrument ( proBNP II assay using monoclonal antibodies on a Modular, Roche Diagnostics, Vienna, Austria). The analytical limit of detection of NT-proBNP is 5 ng/L and the limit of quantification is 50 ng/L. The intra-assay coefficient of variations (CV) are 1.9% at a concentration of 64 ng/L and 1.2% at a concentration of 2105 ng/L, and the interassay CV are 3.1% at a concentration of 46 ng/L and 2.7% at a concentration of 2170 ng/L according to the package insert. hs-cTnT concentrations were also measured using an assay with an E170 instrument (Roche Diagnostics). 17 The analytical limit of detection and the 99th centile upper reference limit are 5 and 14 ng/L, respectively. The CV value is <10% at 13 ng/L. LDH activities, AST and ALT concentrations as well as hs-CRP concentrations were measured by routine assays as described previously. 9 Peak levels of each biomarker were calculated. 
Statistical analysis
RESULTS
Baseline characteristics and CMRI findings
Of 133 enrolled patients with STEMI, 10 (92.5%) patients had no complete CMRI evaluation and/or biomarker sampling and were therefore excluded. Thus, data of 123 (92.5%) patients were available for the analysis (figure 1). Table 1 shows the baseline characteristics (including biomarker concentrations) of the entire study cohort as well as for patients with and without LVR. There was no significant correlation between pain-to-balloon time and the investigated biomarkers (all p>0.05). All patients underwent CMRI 2 (1-4) and 125 (121-146) days after STEMI. LVR occurred in 16 patients (13%) at 4 months follow-up. CMRI results at baseline and follow-up are summarised in table 2. Of note, only patients without LVR showed a significant increase in LVEF ( p<0.01), whereas patients with LVR had no significant improvement in LVEF ( p=0.20). Baseline infarct size was larger in the LVR group ( p<0.01), but significantly decreased in both groups from baseline to follow-up (all p<0.05). The presence of microvascular obstruction was also significantly more likely in the LVR group ( p=0.02). In contrast to peak concentrations, admission concentrations of all investigated biomarkers were not significantly different between patients who developed LVR compared with patients who did not develop LVR (table 1) . In line with this, none of these biomarkers showed a significant discriminatory ability for the prediction of LVR on admission (AUC of NT-proBNP=0.57, AUC of hs-cTnT=0.54, AUC of AST=0.55, AUC of ALT=0.55, AUC of LDH=0.59 and AUC of hs-CRP=0.44, all p>0.05).
Biomarkers and LV remodelling
DISCUSSION
This study sought to comprehensively investigate the value of routine biomarkers for the prediction of LVR after reperfused STEMI. Peak concentrations of NT-proBNP, hs-cTnT, AST, ALT, hs-CRP and LDH, measured during the (sub-)acute phase after PPCI, showed significant ability to distinguish patients who developed LVR from those who did not. Importantly, the combination of all six biomarkers provided incremental prognostic information on LVR when compared with single-biomarker testing. In contrast, admission values of the investigated biomarkers were not useful for the prediction of LVR. Together, our data highlight the use of a multimarker approach for the prediction of LVR which should be evaluated in further larger trials.
STEMI is one of the main causes of heart failure and LVR plays a central role in this process. LVR rapidly occurs following STEMI, and it is well established that progressive postinfarction remodelling is an important predictor of poor clinical outcome, including mortality. In the current study, LVR occurred in ∼13% of patients. This is in line with other recent reports that found a similar rate of LVR in comparable patient's cohorts. 7 19 20 Patients were largely treated according to recommended therapy, including a high use of ACE inhibitors and β-blockers. Our results therefore underline that even in the modern era of PPCI and upstream heart failure therapy, LVR still occurs in a significant proportion of patients. Consequently, LVR remains a major clinical problem in the current era of STEMI management and better identification of patients at risk for LVR is essential to guide treatment and follow-up. Biomarkers may allow such an early prediction of LVR that could easily be used in a broad range of patients with STEMI. Several biomarkers, including natriuretic peptides, 13 cardiac troponins, 10 inflammatory markers, 21 transaminases 11 and LDH, 22 are readily available, are routinely measured in patients hospitalised for STEMI and their measurement is relatively cheap. These biomarkers have been described to be associated with myocardial function, infarct size and microvascular injury, 9-12 23 which are known determinants of LVR after STEMI. Most of them, but not all (transaminases and LDH), have also been investigated for their usefulness in predicting the occurrence of LVR after myocardial infarction. 6 However, these studies were hampered by several limitations, including small numbers of included patients (most enrolled <100 patients), 6 the inclusion of highly selected patient groups (eg, patients with anterior Q-wave MI only) 24 and the use of echocardiography rather than CMRI, 6 7 24 which is the reference standard for the assessment of LVR.
14 Finally, studies comparing the predictive value of multiple biomarkers within the same study are missing. Thus, to the best of our knowledge, this is the first study to investigate a multimarker approach for the prediction of CMRI-determined LVR after PPCI for STEMI. We found that peak concentrations of NT-proBNP, hs-cTnT, AST, ALT hs-CRP and LDH were significant predictors of LVR. Therefore, we not only confirm the significant relation of NT-proBNP, hs-cTnT and hs-CRP with LVR in a large cohort of patients with STEMI, but also show that AST, ALT and LDH are useful for the prediction of LVR in this setting. Importantly, we also observed that the combined measurement of these biomarkers might further increase the discriminative capacity. Our results therefore suggest that combining these biomarkers could constitute a strong tool for refining risk stratification after STEMI. This could have therapeutic implications, since patients at high risk for LVR could be treated more aggressively and followed more closely. In the light of the lack of trials, however, designed to prospectively investigate the value of a biomarker-guided treatment strategy, their use for risk stratification of the postinfarction patient awaits further validation and research.
Conclusions on the pathophysiological associations between investigated biomarkers and LVR as well as specific processes leading to their elevation are beyond the scope of this study, but the following is appreciable to mention. In patients with acute MI, AST, ALT and LDH are both related with adverse clinical outcome, even in the contemporary era of mechanical reperfusion. 25 26 There is recent evidence showing that circulating levels of AST, ALT and LDH are not only an indicator of infarct size, but may also reflect more extensive microvascular injury in reperfused STEMI. 9 11 Infarct size and microvascular injury are strong predictors of LVR 27 and subsequently adverse clinical outcome. 28 29 Although most evidence indicate that AST and ALT release is primarily of myocardial origin, circulatory failure with subsequent hypoxic live injury might in part also explain these elevations. 8 In particular, AST was superior to cardiac troponin I in predicting outcome in STEMI in this study. Although, it is well established that cardiac troponins are useful for the prediction of LVR, 6 30 there are no studies that used high-sensitivity troponin assays. The introduction of hs-cTnT assays not only resulted in a significant increase in the sensitivity of cardiac troponins at an early diagnostic stage, but might also improve risk stratification. 31 Nonetheless, we found no association between admission hs-cTnT and LVR in the current analysis. On the other hand, peak hs-cTnT was confirmed to be significantly related with LVR. NT-proBNP, which is released following increased myocardial wall stress, is mainly used as an indicator of heart failure progression. 32 Our study underscores that NT-proBNP is also useful for the prediction of LVR, a finding which is consistent with several other investigations, 6 such as the study by Orn et al.
33
Finally, the degree of inflammation, as reflected by circulating hs-CRP, is associated with LVR. 7 Our finding of a prognostic significance of circulating hs-CRP for the prediction of LVR is in line with these previous results.
Our study has several limitations. Although this study represents the largest CMRI trial on the prognostic value of combined routine biomarkers for LVR after STEMI so far, further confirmation in larger studies is very important. Moreover, the potential impact of several important determinants of LVR (eg, microvascular obstruction or time to treatment) on the predictive value of biomarkers could not be investigated in the current trial. These specific issues also need clarification in larger investigations. As most other studies, we preferred peak concentrations over AUC values since the first approach is a much more feasible measurement in daily clinical routine. Inclusion and exclusion criteria might limit generalisation of study results, as, for example, patients presenting with Killip class ≥3 were not eligible for this study. Nevertheless, patient and CMRI characteristics are comparable with other larger multicentre CMRI STEMI trials. 28 Finally, there is a plethora of other potential useful biomarkers for the prediction of LVR, 6 which are, however, not available in daily routine and were therefore not incorporated in the current analysis.
In conclusion, we found that peak concentrations of NT-proBNP, hs-cTnT, AST, ALT, hs-CRP and LDH after PPCI for STEMI provide prognostic information on the development of LVR as visualised by CMRI. Combined sampling of these routinely available biomarkers could facilitate the identification of patients at increased risk of LVR that might benefit from more intensive postinfarction care. However, considering the lack of randomised trials evaluating a biomarker-guided treatment strategy, this issue awaits further validation and research.
